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$x_{:},$ $i=1,2,$ $\ldots,$ $N$
,
$\Psi(x_{1}, x_{2}, \ldots, x_{N})$ . ( )
( $=$ ) ${}_{128}C_{N}$ $N$




$H=- \sum_{i=1}^{L}(|i\rangle\langle i+1|+|i+1\rangle\langle i|)+.\sum_{1=1}^{L}U_{\dot{l}}|i\rangle\langle i|$ (1)
tight binding (
)






























” $\blacksquare$ ” cell
$\lceil_{\mathrm{c}\mathrm{e}11}$
$H_{\mathrm{c}\mathrm{e}11}=(\begin{array}{l}U-100\backslash -1U-100-1U-100-1U/\end{array}$ (4)
$(\xi_{1}, \xi_{2}, \xi_{3}, \xi_{4})-$ 4-site cell
” $\blacksquare$” 3
( )



















Renormalization Group, DMRG) . DMRG . 4
cell(?)
$[\mathrm{O}\ldots \mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}]$ [ $\mathrm{O}1$ [ $\mathrm{O}1$ [ $\mathrm{O}\mathrm{O}\mathrm{O}$ O...
$L$ $-\tau^{\backslash }\backslash$–$\mathrm{A}\urcorner$ $L=128$
cell $n$ cell (L-n-2)
cell $L,$ $\ell,$ $r,$ $R$
cell $|0\rangle_{L},$ $|0\rangle_{\ell},$ $|0\rangle_{r},$ $|0\rangle_{R}$
cell $L$ $i$
$|i\rangle_{L}$ ( $1\leq i\leq n$), cell $\ell$ $|1\rangle_{\ell}$ , cell $r$ 1





$|\Psi_{0}\rangle$ $=$ $\sum_{i=1}^{n}\Psi_{0}(i)|i\rangle_{L}|0\rangle_{\ell}|0\rangle_{r}|0\rangle_{R}+\Psi_{0}(n+1)|0\rangle_{L}|1\rangle_{\ell}|0\rangle_{r}|0\rangle_{R}$ (7)
$+$ $\Psi_{0}(n+2)|0\rangle_{L}|0\rangle_{\ell}|1\rangle_{r}|0\rangle_{R}+\sum_{j=n+3}^{L}\Psi_{0}(j)|0\rangle_{L}|0\rangle_{\ell}|0\rangle_{r}|j\rangle_{R}$
185
($\Phi_{L}|L_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}\rangle=\sum_{i=1}^{n}\Psi_{0}(i)|i\rangle_{L}$ , $\Phi_{R}|R_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}\rangle=\sum_{j=n+3}^{L}\Psi_{0}(j)|j\rangle_{R}$ (8)
$L$ $R$
$\Phi_{L}$ $\Phi_{R}$ $\langle L_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}|L_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}\rangle=1$ $\langle R_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}|R_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}\rangle=1$








$\tilde{H}=(\begin{array}{llll}H_{LL} H_{L\ell} 0 0H_{\ell L} H_{\ell\ell} H_{\ell r} 00 H_{r\ell} H_{\mathrm{r}r} H_{rR}0 0 H_{Rr} H_{RR}\end{array})=(\begin{array}{llll}H_{LL} H_{L\ell} 0 0H_{\ell L} U -1 00 -1 U H_{rR}0 0 H_{Rr} H_{RR}\end{array})$ (11)
$H_{LL}$ $=$ $\sum_{:,j=1}^{n}$ $\langle L|i\rangle H_{ij}\langle j|L\rangle$
$H_{L\ell}$ $=$ $. \sum_{1=1}^{n}\langle L|i\rangle 17:(n+1)$ $H_{\ell L}=$ $\sum_{\dot{l}=1}^{n}$ $H_{(n+1):}\langle i|L\rangle$
$H_{Rr}$ $=$ $\sum_{i=n+3}^{L}\langle R|i\rangle H_{1(n+2)}$. $H_{rR}= \sum_{:=n+3}^{L}H_{(n+2)i}\langle i|R\rangle$
$H_{RR}$ $=$ $\sum_{i,j=n+3}^{L}\langle R|i\rangle H_{\dot{\iota}j}\langle j|R\rangle$ (12)
1 (?)
186
: $L$ $H$ 4 $\tilde{H}$ [ $[searrow]$ )
$\tilde{H}$





( ) ( )
( ) $\Psi^{0}(i=1,2, \ldots, L)$ [
$\Psi^{0}arrow\Psi^{1}arrow\Psi^{2}\cdots$ $\Psi^{\infty}=\Psi_{0}$
( $=$ )
$\Psi^{0}(i=1,2, \ldots, L)$ U)
$\mathrm{L}$ $n$ 1 L-n-2
8, 9 $|R$) ( $|L\rangle$ )
$\bullet$ $|L\rangle$ $|R\rangle$ 9, 12 $\tilde{H}$
$(\Phi_{L}, \Phi_{\ell}, \Phi_{r}, \Phi_{R})$




$(\Psi^{1}(1), \Psi^{1}(2),$ $\Psi^{1}(3),$ $\Psi^{1}(4),$ $\Psi^{1}(5),$ $\ldots)$






8, 9 $|L\rangle$ $|R\rangle$
$\bullet$ $|L\rangle$ $|R\rangle$ 9, 12 $\tilde{H}$
$(\Phi_{L}, \Phi_{\ell}, \Phi_{r}, \Phi_{R})$
$(\Psi^{2}(1), \Psi^{2}(2),$ $\Psi^{2}(3),$ $\Psi^{2}(4),$ $\Psi^{2}(5),$ $\ldots)$
$=$ ( $\Phi_{L}$ $\langle$ $L\rangle$ , $\Phi_{L}\langle 2|L\rangle,\Phi_{\ell},$ $\Phi_{r},$ $\Phi_{R}\langle 5|R\rangle,$ $\Phi_{R}\langle 6|R\rangle,$ $\ldots$) (15)
4 $n=1$ $n=L-3$





8, 9 $|L\rangle$ $|R\rangle$
$\bullet$ $|L\rangle$ $|R\rangle$ 9, 12 $\tilde{H}$
$(\Phi_{L}, \Phi_{\ell}, \Phi_{r}, \Phi_{R})$
$\Psi_{0}$
8, 9 $|L\rangle$ $|R\rangle$













$\rho_{L}=R\langle 0|\Psi_{0}\rangle\langle\Psi_{0}|0\rangle_{R}$ $+$ $\langle R_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}|\Psi_{0}\rangle\langle\Psi_{0}|R_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}\rangle$ (19)
$=|\Phi_{L}|^{2}|L_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}\rangle\langle L_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}| + |\Phi_{R}|^{2}|0\rangle\langle 0|$
\rho
$\rho_{L}|0\rangle_{L}$ $=$ $|\Phi_{R}|^{2}|0\rangle_{L}$ (20)
$\rho_{L}|L_{\mathrm{e}\mathrm{x}\mathrm{i}\mathrm{s}\mathrm{t}}\rangle_{L}$ $=$ $|\Phi_{L}|^{2}$ lLexist)
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